Copper sulfide nanoparticles (CuS NPs) 
Introduction
Nanoparticle (NP)-based photothermal therapy (PTT) has been proposed as a minimally invasive intervention to complement surgical option [1] [2] [3] [4] . The NPs used for PTT possess strong near-infrared (NIR) absorption (700-1100 nm). They convert absorbed photo-energy to thermal energy locally, resulting in selective ablation of solid tumors. Most photothermal-converting NPs are delivered to tumors owing to enhanced permeability and retention [EPR] effect 5 . Active targeting that introduces receptor ligands on gold-based nanoparticle's surfaces, such as smallmolecular-weight peptides on hollow gold nanospheres, has also been investigated 6, 7 . Several kinds of NPs, including gold nanostructures (nanoshells, nanocages, nanorods, and hollow nanospheres), [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] carbon nanotubes, 18, 19 graphene, 20, 21 palladium nanosheet, 22 and copper based nanostructures, [23] [24] [25] properties. [26] [27] [28] [29] [30] [31] Our previous studies have shown that polyethylene glycol (PEG)-coated CuS NPs (PEG-CuS NPs), delivered through a nonspecific EPR effect, could mediate effective tumor cell destruction in vitro and in vivo. 29 However, it is necessary to further enhance the delivery efficiency of CuS NPs to tumors to increase the therapeutic effect and reduce their potential toxicity. To date, few studies have investigated tumor-targeted delivery of CuS-based nanoparticles. 
Materials and methods

Materials
FA, methoxy-PEG-thiol (PEG-SH; 5000 Da), sodium sulfide (Na 2 S), Cy5. 
Photothermal effect of the NP in aqueous solution
A continuous-wave 808-nm laser (15PLUS Laser, Diomed, Andover, MA) was used for the measurement of temperature change. The optical fiber was supplied by BioTex Inc (Houston, TX). The NIR light (808-nm, 3 W/cm 2 ) was passed through a quartz cuvette containing either pure water (control) or FA-CuS NPs solution (100 µg/mL, 400 µL). The temperature was measured by a thermocouple over a period of 10 min.
Stability of FA-CuS NPs
Solutions of FA-CuS NPs in water, PBS, and FBS (10% in PBS) were stored at 37°C for 7 days. Aliquots were taken at day 1 and day 7 for UV-Vis spectrum and dynamic light scattering measurement. No precipitation was observed by visual inspection. The solution was then analyzed by ITLC and UV-vis spectroscopy to document changes in percentage of NP-associated radioactivity and shift in the NIR absorption spectra, respectively.
Pharmacokinetics and biodistribution
All animal handling procedures were in accordance with the guidelines of the Institutional 
PET/CT imaging
Mice bearing KB tumors were prepared as described above. When the tumor size reached 5-8 mm in diameter, the mice (n = 3/group) were treated with an intravenous injection of FA- removed, snap-frozen, and cut into 50-µm slices. Sections were air-dried, exposed to phosphor screen, and analyzed by an autoradiography imaging system (Fujifilm FLA-5100, Cypress, CA).
In vitro Photothermal therapy of cancer cells mediated by CuS NPs
KB cells were incubated with FA-CuS NPs (100 µg/mL) or PEG-CuS NPs (100 µg/mL) in folate-free RPMI-1640 culture medium (Invitrogen, Carlsbad, CA) at 37°C. Cells with no treatment were used as a control. After 2 h, the culture medium was replaced with fresh folatefree RPMI-1640 medium without phenol red. The cells were then exposed to an 808-nm NIR laser at 1. 
In vivo photothermal therapy of KB tumors
Nude mice bearing KB tumors were prepared as described above. When the tumors size 
Statistical Analysis
Differences in pharmacokinetic characteristics, biodistribution data, and tumor damage between different study conditions and mouse groups were analyzed using the two-tailed Student's t-test. Differences between groups were considered statistically significant at p < 0.05.
Results and discussion
Synthesis, characterization, and stability of FA-CuS NPs
In our original report, citric acid-coated CuS NPS were synthesized from aqueous solutions of CuCl 2 and Na 2 S containing citric acid. 29 Surface-coated citric acid molecules stabilized the resulting NPs. The structural similarity between citric acid and folic acid (both contained multiple carboxylic acid groups) prompted us to explore whether folic acid could be directly introduced to CuS NPs using a approach similar to that used in the synthesis of citric acid-coated CuS NPs (Scheme 1a). Zetal potential analysis showed that FA-CuS NPs had negative charge (-27.88 mV, Figure S1 ), which provided the electrostatic repulsion for their stability. (Figure 1f, Figure S4 ). Taken together, these data suggest that FA-CuS NPs are a promising candidate for efficient cancer PTT.
In vitro cytotoxicity and binding study in cancer cells
The standard MTS assay was used to evaluate the viabilities of human embryonic kidney
(HEK-293) cells under exposure to FA-CuS NPs. After cells were incubated with FA-CuS
NPs at different concentration for 72 h, no significant cytotoxicity of FA-CuS NPs was observed at concentrations up to 400 µg/mL (Figure 2a) . This observation suggests that the FA on the surface of CuS NPs facilitated the uptake of the NPs by KB cells through FR-mediated endocytosis.
Conjugation of
Radiolabeling, pharmacokinetics, biodistribution, and PET/CT imaging
The radioactive FA-[ The in vivo data were supported by in vitro observations that cellular uptake of FA-CuS NPs in FR-expressing KB cells could be blocked by free FA (Fig. 2) and that FA-CuS NPs but not PEG-CuS NPs or FA-CuS NPs plus FA mediated complete ablation of KB cells in the laser irradiation zone (Fig. 6a-6h) . Thus, FA mediated selective uptake of the CuS NPs in KB tumor cells and selective destruction of KB cells exposed to NIR laser light.
In our previous report, efficient PTT will need to deploy techniques that allow deeper penetration of NIR light, such as using a pulsed laser 30 or cooling laser applicators using a water-cooled laser fiber to reduce char formation.
Conclusions
In this work, we show that with a simple "one-pot" synthetic process, FA could be readily coated to the surface of CuS NPs to yield highly efficient photothermal conducting agent targeted to folate receptors. Although FA-CuS NPs had a significantly shorter blood half-life than 
